ABSTRACT Recently, the increasing popularity of local area services, such as YouTube, Facebook, and Twitter, on which thousands of clients subscribe and download popular contents all the while, has drawn more and more attention on the study of content dissemination networks. Device-to-device (D2D) communication, which allows two devices to directly communicate with each other, has become an effective content dissemination method. With the goal of reducing the delay of content dissemination process with D2D communication, we propose an evolutionary game (EG)-based distributed resource allocation scheme. Moreover, we theoretically prove the existence and stability of game equilibrium and further propose a global search algorithm to achieve equilibrium. In the algorithm, all D2D links will select resource adaptively based on the predicted contact duration. Aiming at improving the prediction accuracy of contact duration, we propose social trajectory similarity (STS) to represent the overlapping of history trajectory among all the mobile users by mining user behavior patterns. Numerical results show that our proposed STS increases nearly 20% correlation with history trajectory overlap compared with jaccard index. Furthermore, our EG-based scheme reduces the delay over 15% compared with the coalition game scheme, and over 30% compared with the random selection scheme. In addition, our proposed scheme also increases throughput efficiency with nearly 20% and achieves better fairness.
I. INTRODUCTION
According to Cisco, the total number of smartphones will be nearly 50 percent of global devices and smartphones will cross four-fifths of mobile data traffic by 2020 [1] . Nowadays, more and more users crave an ''anytime-anywhere-anyhow'' connection to obtain content of interest to them. In traditional cellular network, popular content can be only transmitted by evolved Node Base-station (eNB), which causes overloading. On account of the increasing storage capacity, mobile devices can act as cache servers and transmit content to other devices through short-distance communication [2] , [3] . As a paradigm of short-distance communication, D2D communication which transmits data through devices over a direct link, shows us a brand new way to increase spectrum efficiency and energy efficiency [4] , [5] .
In order to reduce the transmission time of D2D communication and decrease the interference to cellular users effectively, resource allocation is an indispensable process [6] . Therefore, some researches have been focusing on resource allocation in D2D communication. In [7] , the authors model the resource allocation problem as a mixed integer non-linear programming (MINLP) problem and adopt the graph-coloring theory to solve it. The scheme not only allows one D2D link to obtain the resource of multiple cellular users, but also allows one cellular user to share its resource with multiple D2D links. However, the scheme requires high complexity and cost of devices. In [8] , based on auction theory, the authors present a polynomial timecomplexity distributed solution for resource allocation in D2D-enabled multi-tier cellular networks. The centralized solution performs close to the upper bound of achievable data rate but is not suitable for dense scenarios. In [9] , the authors propose a coalition formation game by incorporating different transmission modes, mutual interferences and resource sharing policies in a single utility function, yet the algorithm is non-significant for increasing successful ratio of D2D links with a lot of information overhead. In addition, those studies suppose all users are altruistic and only take consideration of physical constraints like cellular aggregated interference, D2D link interference, etc.
Except for physical constraints, social information also has huge potential value in D2D communication. Considering two users located closely with high quality channel, they may not share content by D2D communication due to lack of social trust. For purpose of perfectly integrating social information into the D2D communication, a new paradigm for D2D communication underlaying cellular system by acquiring the knowledge of social network is proposed by [10] . Some studies have already taken social factors into consideration for content dissemination in D2D communication [11] , [12] . Reference [13] and [14] consider that different social communities exchange cellular resources shared with D2D links to enlarge the distance among the cellular users and D2D users to reduce interference. The social graph is used in [15] to add weights to the physical graph, as well as social trust and social reciprocity to help users select relay. These works focus on either the influence of social relationships on overall transmission rate of D2D communication networks, or mapping the social feature into the probability of requesting transmission. However, contact duration is also a critical attribute in D2D communication to assist resource allocation.
Based on above considerations, we propose a three-domain architecture consisted of content domain, device domain and social domain to analysis content dissemination process, where social domain is used to help resource allocation in device domain and device domain is used to map content dissemination in content domain with D2D communication. With the goal of reducing the delay of content dissemination process with D2D communication, we propose an EG-based distributed resource allocation scheme. The replicator dynamics in EG will lead the whole population to evolve, namely to choose better resource. For wireless resource allocation, game theory is a typical method offering a set of mathematical models to obtain solutions for channel assignment, power control, and cooperation enforcement among D2D users [16] , such as coalition game [9] , matching game [17] , network formation games [18] and etc. However, the assumption of rationality in those traditional games implies complete information and strong computation complexity of each player to calculate the best response given other players' strategies. Although learning algorithm performs better than game theory with rapid convergence, like concurrent learning [19] , reinforcement learning [20] , Q-learning [21] and etc, it is only suitable for those devices who are environment aware and autonomic learning enabled, which means high complexity and cost. Considering limited computation capacity and cache of the devices, our algorithm only needs D2D links to interact individual and average utility with eNB once at each iteration. The utility function is defined with contact duration for resource allocation. In order to predict contact durations of D2D links with social characteristics and behaviors, we mine the users mobility pattern with the concept of history trajectory, and propose STS to evaluate the contact duration of users' encounter. Our contributions can be summarized as follows:
1) A three-domain architecture consisted of content domain, device domain and social domain is proposed to analysis content dissemination process, where social domain is used to help resource allocation in device domain and device domain is used to map content dissemination in content domain with D2D communication. 2) We formulate the distributed power and subcarrier allocation problem in D2D communication as an evolutionary game. The existence and stability of game equilibrium is theoretically analyzed and proved based on the stochastic geometry and modern control theory. 3) A global search algorithm is proposed to reach the evolutionary equilibrium with low computation complexity and minimum information exchange based on the predicted contact duration. In the algorithm, D2D links can select resource adaptively based on the predicted contact duration. 4) We analyze the users mobility pattern with history trajectory by using a public dataset and propose STS in social network to map the contact duration. The rationality and validity of our social index is proved through data mining.
The rest of this paper is organized as follows. Section II describes the system model consisting of device domain, social domain and content domain. In Section III, the resource allocation of D2D links is formulated as an evolutionary game, where a global search based resource allocation algorithm is proposed and the game equilibrium is proved. Simulation results are presented in Section IV. Finally, Section V concludes the paper.
II. SYSTEM OVERVIEW AND ASSUMPTIONS
Handheld communication devices are carried by human beings who form social networks that exhibit certain stable social structures and phenomena. From the perspective of content dissemination, we consider a three-domain architecture. In the content domain, the main concerns are the contents desired by subscribers and possessed of providers, which affect the process of data dissemination. The device domain is the wireless network with D2D connections and the social domain is the social network layer with real social connections. The three-domain architecture will be introduced in the following subsections respectively and Fig. 1 shows in details.
In our proposed three-domain architecture, the three domains interact with each other to perform content dissemination. When the device carrying the content and the device requesting the content are within the range of D2D communication, those devices establish stable D2D links by utilizing the social characteristics. Then, eNBs allocate resource adaptively based on social characteristics in D2D links. Once content is successfully transmitted, the content requesters become the content owners assisting content dissemination through D2D communication. Successful D2D communication enriches the contact data, which facilitates the collection of social information.
A. CONTENT DOMAIN
In communication networks, the desire for contents is an important motivation of service providing, and the data dissemination is the fundamental function. In the content domain, the main concerns are the desire for and the possession of contents, which affect the process of data dissemination.
In our content dissemination system, those who possess the content are denoted as content owners (COs), while others are denoted as content requesters (CRs). It is well known that content can be delivered successfully only if the following two events are satisfied simultaneously: 1) Transmission Rate (The content requester is within the transmission range of the content owner); 2) Contact Duration (The content requester has a social relationship with the content owner). In our system, we assume that users will discard incomplete packets because of transmission failure with limited cache. Hence, with the purpose of content dissemination, CO should deliver content to CR within the time of contact.
In the real world, many services are delay-sensitive in high-user-density scenarios. Thus, D2D communication is expected to offload traffic from eNBs and accelerate content dissemination. In order to imitate the real situation, we assume that all users demand same content and the eNB chooses some CRs (such as Cora and Amy) as seed set, and provides content for them. Once CRs receive content successfully, they form the initial CO set. Then other CRs (such as John, Miya, Bob, Eve) will obtain content from them through D2D link (such as D2D link 1,2,3). Once a CR (like Joy) successfully receives the content, it will join the CO set and disseminate the content to others hitherto unserved CRs (like Eve). With the dissemination of content, the size of CO set will have a sustainable growth as more and more served CRs join the CO set. The larger the size of CO set is, the more effortless it is to establish D2D link. Consequently, eNB should guarantee every D2D link accomplish the transmission in contact duration.
In order to improve the success ratio of diffusion links, eNB should allocate better resource to those diffusion links with shorter contact duration. We assume that each file is split into short chunks, with a same size q, and transmission is implemented on the basis of chunk which ensures the effective delivery between users. The set of diffusion links between COs and CRs is defined asD = {1, 2, · · · , d, · · · , D} and the success ratio of those links is denoted as d . The optimization problem can be formulated as follow:
where ψ d is the success indicator of diffusion link d, r d is the transmission rate and τ d is the contact duration. The details of these two indicators are specified in device domain and social domain respectively.
B. DEVICE DOMAIN
With the goal of reducing the perceived delay of the content dissemination process and improving user experience, D2D communication is an effective way in wireless network.
In device domain, we assume cellular users share their uplink resources with the D2D communication. The number of eNBs is considered to be infinite and the location of eNBs is modeled by an infinite homogeneous 2D poisson point process (2D-PPP) m , whose density is given by λ m . There are a set of D2D users and cellular users around the eNB. We assume that mobile devices are highly dense and the propagation environment has a high path-loss exponent. Due to the low transmit power of mobile devices and high pathloss exponent in dense scenario, the interference is significant from D2D transmitters, which are situated in a limited area around the eNB. Hence, the spatial distribution of D2D users and cellular users also can be modeled by an infinite homogeneous 2D PPP d and c respectively. The density of d and c is given by λ d and λ c . The macro-cell user equipment (UE) and D2D UE reuse the same set of orthogonal subcarriers for uplink transmission which is labelled by N = {1, 2, · · · , n, · · · , N }. In addition, the D2D transmitters are capable of selecting the transmit power from a finite set of power levels labelled as
The transmission rate of the diffusion link d which we call as D2D link d in device domain can be given as:
where W is the bandwidth of one subcarrier, and the received Signal to Interference plus Noise Ratio (SINR) of the D2D link d over subcarrier n with power level l can be given as:
where g
r is the channel gain between the D2D transmitter d t and D2D receiver d r of D2D link d in subcarrier n, the power level of the D2D link d over subcarrier n can be written as p
is cellular users transmit power in subcarrier n and g
r is the channel gain between the cellular transmitter m * and D2D receiver d r in subcarrier n. Similarly, the aggregated interference caused by D2D users is denoted as
, and N 0 represents the variance of the additive white gaussian noise at the receiver.
The subcarrier and power level allocation indicator for any D2D linkd is described by a binary decision variable x
, where
The aggregated interference that eNB M bs suffers from on subcarrier n is given by
where p (n) d t is the power level from D2D transmitter d t on subcarrier n, and g
is the link gain between the D2D transmitter d t and the eNB M bs .
We also assume that D2D users can receive the information about their performances at any time slot with a perfect delay-free feedback channel to the eNB.
C. SOCIAL DOMAIN
In content dissemination network, COs will share its copy with CRs in proximity. We assume the contact duration of users' encounter with different social relationships is diverse. In order to materialize contact duration, we use the history trajectory to capture user behaviors.
In real work, except for the mobility of users, social tie also affects the contact duration. People with close relationship are willing to exchange their itinerary for others' benefit, we call it Altruism. This altruistic behavior can prolong the contact duration. On the basis of above, we express the contact duration by random waypoint model and the cumulative distribution function (CDF) of this model can be simplified as follows [22] :
where R is the transmission range of nodes and V is the moving speed of nodes. In our system, we consider mobile users encounter each other with the same probability through transforming the impact brought by social attribute into contact duration. The more similar the trajectory, the longer contact duration between two users. Taking social domain into account, we can express the expectation of contact duration τ d of D2D link d as:
where S ij is the STS between CO i and CR j and will be explained in the following. In order to represent contact duration, we calculate the overlap degree of trajectory mining by users phone log. In users' mobile phone log, we can sequentially connect some check-in points of device into a trajectory [23] . We define the trajectory recorded by device β as follow:
where l χ is the check-in location in time χ. We regard the check-in sequence as markov-chain and calculate the degree of overlap by detecting the same trajectory from the check-in sequence of two users. From the view of social network, those users who have more friends in social network platform are more likely to meet others in real world, we call it Activeness. The trajectory sequences of activeness users are always long enough to overlap with others. We give a higher score to the relationship that has more neighbors in network, and define the beneficial factor Activeness between user i and user j as:
where (i) is the neighborhood list of user i in social network. If a user has no neighbor in social network, we call it solitary and regard activeness as zero. Specifically, suppose that i and j are intimate friends of each other only and have close relationship. However, both of them are friendless and have no other friends, leading to limited range of activities and short trajectory, which results in little content duration between them. On the other hand, if two users i and j have more common friends, they are easier to encounter each other. Hence, it is more likely for two mobile users to pass through a same place at a certain time or period, formally, we call it Congeniality. With the help of jaccard index [24] , we define Congeniality as follows:
In social domain, considering both activeness and congeniality, for any two users i and j, we express their social trajectory similarity (STS) as:
The proposed measure could be used to estimate the similarity among people to predict users' traces. For solitary, it's worth noting that there is still a probability to meet others in some place, but we consider S ij as zero because of poor common interesting content. We prove the validity of our proposed social measure by data mining with history trajectory in experiment in section IV.
III. SOCIAL-AWARE EVOLUTIONARY GAME APPROACH
In this section, in view of limited computation capacity and cache of devices, we form an evolutionary game for the assumed content dissemination system with low computation complexity and minimum information exchange. In our system, we assume that mobile users may connect to others who have poor social trajectory similarity with short contact duration due to the randomness of establishment. In order to guarantee that more D2D links deliver successfully, those D2D links with shorter contact duration should obtain better resources. Based on the above consideration, we use the evolutionary game to formulate the resource allocation in the D2D communication network. Through the evolutionary game, D2D links with poorer social trajectory similarity will be allocated with better resources. For better description of the evolutionary game, replicator dynamics is used to model the strategy adaptation process.
A. GAME FORMULATION
The subcarrier-power allocation among D2D links can be formulated as an evolutionary game as follows:
Set of players:
Set of actions: A = {a 1 , a 2 , · · · , a c , · · · , a C }, each player has C = |N | × |L| actions, a c = (n, l) is an action for each player. Specially, a subcarrier-power combination is named as transmission alignment.
Population: d a is the number of players selecting action a ∈ A, the frequency of action a used in the population is given as
Utility function: U a is the utility of the players who choose the action a, and we use U (n) d,l to denote the utility of the D2D link d for a given subcarrier n and power level l. In order to solve the optimization problem (1), we define the utility function according to constraints. The utility of D2D links consists of two parts [25] : the first part means the profit brought by D2D links when certain transmission alignment is used, while the second part is the punishment on D2D links due to the aggregate interference to cellular users' uplink transmission. The network will gain benefit from short-distance communication by allocating resource to D2D links and will increase throughput in content dissemination. A rose has its thorns. The reuse of resource will cause aggregate interference to cellular users' uplink transmission, thereby decreasing throughput of cellular users. As a result, the utility function of a D2D link d select subcarrier n and power level l can be written as:
where I th is the maximum interference threshold for each D2D link to eNB, [ * ] + is an operator defined as follow:
Noting that w 1 and w 2 are weighting factors where w 1 is the social trajectory similarity among all mobile users (w 1 = S i,j ). It is obvious that the high trajectory similarity can help extend the D2D contact duration effectively. Conversely, the D2D link with poor trajectory similarity should be allocated with better alignments for transmission success. And we denote penalty factor of the interference brought by D2D links as w 2 because D2D communication is an aid method for wireless communication. Thus, w 2 can also be deemed to the assurance of quality of cellular users' experience.
B. REPLICATOR DYNAMICS EQUATION
In the evolutionary game, each D2D link will adapt its action according to its received utility. This adaptation process can be modeled by a set of ordinary differential equations, called as replicator dynamics equation:
where the average utilityŪ is given bȳ
The replicator dynamics guarantee the population a better evolution. If the D2D link's utility is higher than the average i.e., U a (t) >Ū (t) , the number of D2D links who select transmission alignment a will increase. In other words, Darwin's On the Origin of Species sets out that most of individuals in population tend to evolve into higher level due to the natural selection, which means that the individuals whose utility is lower than the average have only two choices: to evolve or to be eliminated. The D2D links with lower utility are very likely to fail in transmission, which will cause a waste of resources unless they can obtain better resources to guarantee success within a short time.
C. GAME EQUILIBRIUM AND STABILITY ANALYSIS
The average received SINR of the D2D link d over subcarrier n with power level l can be written as:
where α is the path-loss exponent. In our model, the channel is modeled as Rayleigh fading channel, and the channel power gain follows exponentially distribution, i.e, g (n)
and we can express the SINR as: (18) In this scenario we consider D2D transmitters randomly select the transmission alignments, and the point process of the spatial distribution of the interfering D2D transmitters can be modeled by a PPP (Poisson Point Processes) [25] , and the Probability Generating Functional of a 2D PPP φ can be expressed as:
where λ is the intensity of the point process. For simplicity, we let α = 4 and the equation can be rearranged as:
1) GAME EQUILIBRIUM EXISTENCE
Evolutionary equilibrium is defined by the fixed point of the replicator dynamics. Considering the replicator dynamics equation:δ a (t) = δ a (t)(U a (t) −Ū (t)), we assume that the feedback of the information about the population state and average utility is instant. Thus, we have:
According to the definition, let the left hand side of replicator dynamics equation be zero (i.e.,δ a = 0). We can obtain two types of equilibrium, namely, boundary evolutionary equilibrium (i.e., δ a = 1) and interior evolutionary equilibrium (i.e., 0 < δ a < 1). It is obvious that boundary evolutionary equilibrium is not stable because any small perturbation will make the system deviate from the equilibrium state.
2) GAME EQUILIBRIUM STABILITY
According to the definition of the replicator dynamics equation, we know the equation is a first-order ordinary differential equation, and we can use the Lyapunovs Linearization (or First) Method to evaluate the stability of the interior evolutionary equilibrium. [26] ): Linearize nonlinearẋ = f (x) system in vicinity of equilibrium x e :
Lemma 1 (Lyapunovs Linearization (or First) Method
The equilibrium x e of the nonlinear system is: The replicator dynamics can be simplified as:
We assume that the system can reach an equilibrium point (i.e., (δ a 1 , δ a 2 ) ). According to lemma 1, we have:
Notice that the system reaches an equilibrium point (i.e., δ a 1 , δ a 2 ) and according to the definition, it is easy to know: U a 1 = U a 2 , thus, (U a 1 − U a 2 )(δ a 2 − δ a 1 ) = 0. Then we just need to calculate dU a 1 dδ a 1 and dU a 2 dδ a 2 to judge the stability of the equilibrium point (δ a 1 , δ a 2 ) .
Based on the average of SINR, we have: as follow: , δ a 2 ) , the equilibrium point must be exponentially stable.
D. RESOURCE ALLOCATION ALGORITHM
In this subsection, we propose a dynamic distributed algorithm for the evolutionary game. The evolutionary equilibrium is achieved through strategy adaptation. In each iteration, all players compare their utilities with the average utility of the whole population. Once their utilities are lower than the average utility, they have to select another action to avoid being eliminated.
In order to minimize the delay in content dissemination and reduce information exchange, we take the strategy of global random search. Based on the above discussion, we propose a resource allocation scheme to attain the evolutionary equilibrium rapidly in Algorithm 1.
When the constraint is not satisfied, we define the acceptance probability [13] as P a =
to avoid the local maximum value, where x 0 is a constant value. In our design, eNB firstly gets the whole social network structure from the social network platform like Facebook and Twitter, then it calculates social trajectory similarity and sends it to D2D users. Next, those D2D users will randomly select transmission alignments and calculate their own utilities based on received social information. When the eNB receives all reports from D2D links, it will calculate the average utility of the whole content dissemination system and broadcast it to all the D2D links. Finally, D2D links will choose whether to change the current action or not based on the comparison with the average utility until they reach the game equilibrium.
Specifically, the upper bound of the computational complexity in our resource allocation solution is O(NL) D due to the exhaustive search, where D is the number of D2D links. However, the time complexity of our algorithm is linear because of concurrent executions among D2D links. In each iteration, we define the exchange cost of social information and average utility broadcast from eNB as A and B, respectively. As for one D2D link, the report overhead of its own utility is denoted as C. The total overhead in system in each iteration can be written as: O = A + B + C * D, which is small compared to state-of-art schemes.
IV. PERFORMANCE EVALUATION
In this section, we evaluate the prediction veracity of our proposed social index and the performance of EG-based algorithm for D2D resource allocation respectively. In social domain, we utilize the public available location-based social networks (LBSNs) dataset Brightkite [23] to evaluate social trajectory similarity. After data preprocessing, we select Table I . In device domain, we consider a circle area of 100 meters, in which cellular users and D2D users are randomly deployed. The minimum distance between users and eNB is 10 meters and there are 10 subcarriers and 5 power levels in a single cell. The maximal distance of D2D is 10 meters and minimum distance of D2D communication is 3 meters. In simulations, we use the uniform distribution to generate social network. The main simulation parameters are given in Table II , Since we use such a random approach, for each simulation scenario with the fixed D2D links and cellular users, we repeat the simulations by 1000 times, and each time with the newly random-selected locations. Fig. 2 shows a snapshot of wireless scenario.
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A. SOCIAL TRAJECTORY SIMILARITY
Firstly, we use data mining to evaluate the prediction performances of Jaccard compared with STS in Table III . It is observed that our proposed social trajectory similarity has a higher correlation with history trajectory overlap, and increases nearly 20% in Pearson Correlation Coefficient (PCC). As for nonparametric correlations, we choose Kendall's Coefficient of Concordance (KCC) and Spearman Rank Correlation (SRC) to measure correlation between social index and history trajectory overlap. Simulation results reveal that our proposed similarity increases KCC and SRC nearly 36% and 34% respectively. Above all, STS performs better in users' encounter prediction in our system.
B. DISSEMINATION DELAY
In order to show the satisfactory performance of our proposed evolutionary game, we compared the performance of our scheme, labeled as Evolutionary Game (EG) with the following schemes:
1) Coalition Game (CG) [9] : where the system allocates the system resource to the D2D users through the coalition formation game model. This distributed algorithm could achieve the near-optimal solution of system sum rate. 2) Random Selection (RS) : where D2D links randomly choose the resource for communication. Fig. 3 shows the total delay when all CRs get the content chunks via D2D communication through different schemes. Here, we consider a system with CRs uniformly distributed under the coverage of eNB. First, the eNB would randomly choose 3 CRs as seed users, to which the COs will deliver the content in every round. In each round, every mobile user in CO sets will randomly choose a user in CR sets to establish D2D link for content delivery. Once the final CR gets the content successfully or comes to an end of the contact duration, those CRs who successfully receive the content will join the CO set and start next round to disseminate content. In this simulation, we set the density ratio of cellular users to eNBs (λ c /λ m ) to be 5 and vary the the density ratio of CRs to eNBs (λ d /λ m ) from 10 to 50. We depict the total delay of content dissemination with 10Mbits content chunks in Fig. 3(a) while with 15Mbits, 20Mbits, 25mbits in Fig. 3(b) , (c) and (d) respectively. From these four figures, we can observe the delay achieved by EG is lower than other schemes. Fig. 3 also indicates that the delay gets higher with the increasing number of CRs. The reason is that as the number of CRs increases, D2D links will be more prone to generate the cochannel interference in each round and reduce the probability of successful content dissemination. Our proposed evolutionary game can increase rate of D2D links which have short contact duration with poor social relation. Hence, our proposed scheme can increase the probability of successful transmission of D2D links in each round. Simulation results show that our scheme shortens the delay over 15% compared with CG and over 30% compared with RS when the content chunks is 20Mbits. It can be also observed that our algorithm performs better when CR number increases, which indicates that our algorithm is more suitable for dense scenario.
C. THROUGHPUT EFFICIENCY
When transmissions fail, the throughput gain which D2D links bring is useless due to packet discard, which we call as ''Useless Throughput''. In Fig. 4 , result shows that our proposed scheme reduces the useless throughput significantly, and is specifically suitable for dense scenario. Our algorithm can save nearly 25 Mbits compared with CG and over 45 Mbits compared with RS when the density ratio is 50 (λ d = 50λ m ), which are nearly 2 times and 3 times of chunks size respectively when content chunks is 15 Mbits in Fig. 4(a) . When content chunks is 20 Mbits, our algorithm can save nearly 200 Mbits compared with CG and over 300 Mbits compared with RS, which are nearly 10 times and 15 times of chunks size respectively as shown in Fig. 4(b) . From Fig 4(a) and (b), we can conclude that our proposed EG-based algorithm can bring huge benefit of the throughput of the network and enhance system capability substantially in high traffic scene. That is because the larger size content will lead to higher failure rate of content dissemination, which increases useless throughput markedly.
Furthermore, to obtain some insights on system throughput, we define the ''Throughput Efficiency'' as:
From Fig. 5 , when the density ratio of CRs to eNBs is set to 50, we observe that EG outperforms the other schemes by 0.05 to 0.1 in throughput efficiency. Among all the other schemes, we note that the RS always gets the worse performance since it takes no action in resource allocation while CG is poorer than EG by only focusing on improving total throughput. It's worth noting that, as the size of content increases, the throughput efficiency will decrease drastically among all schemes. This is because the large content will increase the probability of failure of D2D transmission, thus the transmission number should be raised. And this, in turn, will cause more times of failure and increase useless throughput, resulting in a sharp decline of throughput efficiency. D. GAME CONVERGENCE Fig. 6 shows the convergence performance of our proposed algorithm with 10 and 20 density ratio of content requester to eNBs respectively. Due to poor channel condition, a small part of population can hardly reach average utility, even if they obtain the best resource. In order to avoid the influence of the extreme cases on convergence, we assume that eNB will execute resource allocation procedure when the population of achieving average utility surpasses 80%. By observing the average rate of each D2D link, we can find that our proposed algorithm converges to the equilibrium rapidly.
E. SYSTEM FAIRNESS
In Fig. 7 , we use the Jains fairness index [27] to obtain how the content transmission is actually shared among the D2D users. We observe that changing the number of D2D links has a non-obvious impact on the fairness of the data transmission under the CG, RS and EG. However, it is obvious that EG have a better performance in fairness, which indicates that our scheme can obtain preferable performance with better fairness.
V. CONCLUSIONS
In this paper, we propose a global search algorithm to solve the problem of distributed resource allocation in D2D content dissemination network. The utility function of evolutionary game is defined by the social trajectory similarity, which is proved accurate in prediction of user' encounter by data mining with history trajectory. The stability of the equi-librium point has been analytically proven by Lyapunovs First Method with two actions. Our proposed algorithm can converge to preferable performance rapidly to reduce the influence of user mobility for content dissemination. The simulation results show that our scheme shorten the delay over 15% than Coalition Games and over 30% than Random Selection and enhance system capability effectively. Additionally, our scheme also increase throughput efficiency and guarantees the fairness of every content requester. 
